A two-step purification of pneumococcal eclipse complex is described, which uses sucrose gradient sedimentation followed by agarose gel permeation chromatography. Purified complex contains, in addition to donor DNA single strands, macromolecular material that can be labeled with methionine or leucine during development of competence. This material co-chromatographed with eclipse complex DNA on hydroxylapatite, was dissociated from the DNA by sodium dodecyl sulfate, and was completely digested by Pronase. The sodium dodecyl sulfate-released material eluted as a single peak in sodium dodecyl sulfate chromatography. These properties were consistent with the noncovalent association with eclipse complex of a protein or class of proteins with a narrow range of polypeptide sizes. Evidence for the specific association of this protein with transforming DNA in eclipse was also obtained from parallel purifications from 35S-labeled nontransformed cells; the amount of methionine label in the corresponding fractions in such cells was only 5% of that in transformed cells.
In genetic transformation of pneumococcus (Streptococcus pneumoniae), competent cells take up exogenous DNA in a manner that yields single-strand segments of that DNA inside the cells (1, 3, 6, 7) . In a previous paper (5) it was shown that in lysates prepared soon after uptake, these single strands of donor DNA exhibited properties distinct from those of pure single-stranded DNA. These properties included a lower affinity for hydroxylapatite and diethylaminoethyl-cellulose, a lower density in cesium salt gradients, and a higher sedimentation constant in sucrose gradients than purified single strands. The properties appeared to reflect the presence of other components complexed noncovalently with the donor DNA strands, since free single strands were released by treatments with agents including sodium hydroxide, sodium dodecyl sulfate (SDS), guanidine hydrochloride, and chloroform. The term "eclipse complex" was proposed for the entire structure. Since Pronase and proteinase K also released free DNA strands, it was concluded that protein must form at least part of the complex. However, no direct demonstration of protein content was presented.
DNA in eclipse in the two related transformation systems of Bacillus subtilis (10) and Streptococcus sanguis (12) has also been found to have properties of a complex with other cellular components. In both cases, donor DNA strands are found in a structure with a buoyant density lower than that of native DNA, unless the lysate is treated with deproteinizing agents.
Technical difficulties obstructing a search for protein components of eclipse complex included the low cell density of competent cultures, the small amount of donor DNA strands actually available in competent cells after uptake, and, with respect to radioactive labeling, the rich medium used in growing cultures to competence. This paper describes a medium permitting efficient incorporation of radioisotopes into proteins of competent cells, a two-step purification of eclipse complex, and evidence for a protein component of eclipse complex in quantities comprising at least 1% of the labeled cell proteins.
MATERIALS AND METHODS Media. CAT Reagents. Chemicals, enzymes, and column materials were as described previously (5 Chromatography. Chromatography on agarose and on hydroxylapatite was carried out as described previously (5) . Gel permeation chromatography of SDS-dissociated eclipse complex ( Fig. 6-8 ) was conducted at roomn temperature.
Bacterial strains. The strains used for preparation of competent cells (CP1015 Str' Ery') and for isolation of donor DNA (CP1014 Str' Ery' Thy) have been described (5) .
Determination of radioactivity. For scintillation counting, aqueous samples were mixed with 9 volumes of toluene-Triton X-100 scintillation fluid (5) The first requirement in an examination of possible protein components of the pneumococcal eclipse complex was efficient introduction of radioactive label into the proteins of competent cells. To this end, a labeling medium was constructed, largely (98%) of defined components, which supported the final 15 to 20 min of development of competence by concentrated precompetent cultures and in which the total amino acid content was reduced to about one-tenth that in CAT broth, with methionine and leucine specifically reduced several hundredfold. The medium contains components from previously described defined or partially defined media. Specifically, the buffer and vitamin mixture of Lacks (2, 7) was combined with the synthetic amino acid mixture of Sicard (13) , with the addition of a small amount of yeast extract as required for competence and protein synthesis, and reduced where possible to minimize content of leucine and methionine. The total contents of methionine and leucine in the resulting labeling medium were those supplied by the yeast extract component, found by isotope dilution (data not shown) to be 1 and 6 ag/n-l, respectively.
Typical kinetics of development of competence and of incorporation of [35S]methionine into acid-precipitable material in this labeling medium are shown in Fig. 1 A similar sucrose gradient was divided into nine fractions, and the central three were pooled and analyzed on a 2% agarose column. Figure 3 shows that the 35S label of these eclipse complex fractions was composed of two portions, one that coeluted with the DNA at the excluded volume (peak I) and another that eluted later as a broad peak (peak II). The material emerging at the excluded volume of the agarose column was analyzed by chromatography on a small bed of hydroxylapatite. The results of each step are shown in Fig. 3 Fig. 2 . The gradient was fractionated from the top as described in the text. Chromatography ofpooled fractions 4 through 6 was carried out on a column of 2%o agarose (B). Finally, the pooled fractions ofpeak I were chromatographed on hydroxylapatite (C). The data shown represent one-tenth of each fraction for (A), one-fifth of each fraction for (B), and entire fractions for (C). mately 20-fold by the DNase treatment of cells during competence development. Thus, at least 95% of the 35S label in that fraction from transformed cells appears to be dependent on DNA uptake. Table 2 lists the results of such purifications for several more experiments, expressed as the fraction of the total labeled cell protein excluded from 2% agarose after preliminary sucrose gradient purification of ribonuclease-treated lysates. In our experience, this regularly comprises 0.5 to 1.5% of the labeled proteins, except when DNase is added during competence development.
Nature of amino acid-labeled eclipse complex components. To determine whether eclipse complex could be labeled with amino acids other than methionine, the patterns of labeling with [3H]leucine and [35S]methionine were compared directly. Cells were allowed to develop competence in labeling medium containing both labeled amino acids, transformed with unlabeled DNA, and processed for lysis as above. Figure 5 shows the results of hydroxylapatite chromatography of agarose peak I. onine label. Thus, the ratio of leucine to methionine in eclipse complex is similar to that in total cell proteins. Solubilization of [35S]methionine-labeled eclipse complex components by Pronase is described in Table 3 , in comparison with the unfractionated labeled proteins of transformed cells. The extent of degradation achieved by exhaustive Pronase digestion was examined by PL-Dextran 100,000-SDS chromatography of the products (Fig. 6) . Clearly, essentially all of the 35S-labeled material was susceptible to Pronase digestion. However, it is also clear that solubilization of eclipse complex protein occurred at a rate significantly lower than that of total labeled cell proteins ( b DNA was incubated with competent cells at 0.1 to 0.2 yg/ml for 10 min at 25°C for uptake, followed by 30 s with DNase I at 50 Ag/ml. c DNase I was present at 50 ytg/ml throughout competence development and mock transformation at 25°C. hydroxylapatite elution profile is shown for the eclipse complex purified through the sucrose and agarose steps as in Fig. 3. matography, where the 3H-and 35S-labeled components co-chromatographed as in Fig. 3 . The other half was heated in 0.5% SDS and 0.1 M mercaptoethanol and analyzed by gel exclusion chromatography on PL-Dextran 100,000 in the presence of SDS. The results (Fig. 7) demon- Speculation as to possible functions of this protein must include, of course, facilitation of uptake of the DNA strand, protection from cellular nucleases after uptake, and facilitation of insertion into the resident chromosome.
The possibility of labeling eclipse complex with [35S]methionine or other amino acids will make feasible the study of conditions for stability or dissociation of the complex and the general biochemical properties of the free eclipse complex protein. It also becomes possible to approach a host of other problems, such as the time during competence development at which the protein is synthesized and whether this is one of the major DNA binding proteins of pneumococcus, to mention but two.
